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Open access under CC BYGlasses in the system xZnF2–(20x)ZnO–40As2O3–40TeO2 (x = 0, 4, 8, 12, 16 and 20 mol%) were prepared
by normal melt quenching method. The change in density and ionic packing density in these glasses indi-
cates the effect of ZnF2 on the glass structure. The optical constants of these glasses are determined over a
spectral range, providing the complex dielectric constant to be calculated. The values of the optical band
gap Eg for all types of electronic transitions and refractive index have been determined and discussed.
The optical parameters such as N/m⁄, e1, xp, Ed and E0 have been estimated. The values of N/m⁄ reﬂect
an increase in the free carrier concentration with increasing ZnF2 content. This leads to an increase in
the reﬂectance, R which in turn increases the refractive index.
 2012 Elsevier B.V. Open access under CC BY-NC-ND license.1. Introduction
Tellurium dioxide (TeO2) based glasses are of scientiﬁc and
technological interest on account of their several useful properties
such as good transparency in the visible and infrared regions (0.4–
6 lm), high dielectric constants and electrical conductivity, high
refractive indices (2) and low melting temperatures [1–7]. These
glasses are stable against divitriﬁcation, nontoxic and are moisture
resistant for long periods. Tellurite glasses exhibiting interesting
and important optical properties have received considerable inter-
est in their potential applications over the last few years; numer-
ous devices including optical ampliﬁers, planar waveguides and
nano wires have been fabricated using tellurite glasses [8–11].
Tellurium has an electronegativity in the range of other good
glass forming cations (Si, B, P, Ge, As and Sb) [12]. Since tellurium
oxide is a conditional glass former, the addition of arsenic oxide
(As2O3) to tellurium oxide glasses improves the glass forming abil-
ity and the optical transparency in the blue region. Very few stud-
ies are available on glasses containing As2O3. In the present study,
a strong glass network former As2O3, has been chosen to incorpo-
rate into the TeO2 glass system. In general As2O3 mixed glasses
possess exceptionally high Raman scattering coefﬁcients and are
suitable for active ﬁbre Raman ampliﬁcation [13]. Further, the
addition of As2O3 into TeO2 glass system is expected to affect the
far infrared transmission to a less extent, since the fundamental: +91 40 270900200.
reem Ahmmad), syedrahma-
-NC-ND license.modes of vibration of As2O3 structural groups lie in the region of
vibration of TeO2 structural groups [13].
Recently tellurite glasses doped with heavy metal and rare
earth oxides have received signiﬁcant attention because they can
favorably change density, optical and thermal properties of tellu-
rite glasses [14–18] and heavy metal oxide tellurite glasses are
promising materials for slow light generation via stimulated
Raman scattering (SRS) [19]. The TeO2–ZnO system shows good
stable glass forming ability with a broad region. Several studies
[20–23] on infrared and optical absorption were reported on zinc
tellurite glasses. It has been reported that absorption properties
in TeO2–ZnO glasses were observed to be very much dependent
on the ZnO content. The ZnO–TeO2 glass was used as a basis for
multi-component optical system.
The addition of the modiﬁers like ZnF2 to ZnO–TeO2 glass ma-
trix or the substitution of ﬂuorine ions for oxide ions is expected
to increase the glass forming range and glass stability, lower the
viscosity and improve the transparency to a substantial extent
and make the glass more moisture resistant [24,25].
In general, structural phenomena are associated with signiﬁcant
changes in the optical constant and absorption edge shifts, allow-
ing the use of these materials in the fabrication of a large number
of optical devices. The study of optical absorption is a useful meth-
od for the investigation of optically induced transitions and for get-
ting information about the band structure and the energy gap of
both crystalline and non-crystalline materials. The optical band
gap and refractive index are the most signiﬁcant parameters in
amorphous semiconducting materials.
Several studies on introduced ﬂuorine ions into oxide ions were
reported with zinc tellurite glasses [26]. Since the ﬂuorine ion has
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Fig. 1. XRD of xZnF2–(20x)ZnO–40As2O3–40TeO2 glasses.
Table 1
Physical and optical parameters of the present glasses.
Parameters X = 0 X = 4 X = 8 X = 12 X = 16 X = 20
Density (g/cc) 5.516 5.452 5.372 5.362 5.349 5.374
(±0.001)
Ionic pacing 0.549 0.538 0.526 0.521 0.515 0.513
density (Vt)
kc (nm) (±0.1) 465.2 452.3 451 446.3 446 443.5
Energy gap Eg (eV) values for different transitions
n = 1/2 2.48 2.40 2.34 2.32 2.30 2.27
n = 2 2.87 2.90 2.89 3.04 3.06 3.08
n = 2/3 2.05 1.99 1.81 2.08 1.86 1.70
n = 1/3 1.94 2.01 2.09 1.76 1.81 2.00
Eg from e2 2.40 2.35 2.28 2.52 2.42 2.32
N/m⁄  1054 6.14 9.50 25.40 27.9 35.1 12.00
(kg1m3)
e1 3.66 3.75 3.67 3.84 3.80 3.71
xp  1013 (Hz) 6.96 8.56 14.16 14.49 16.23 9.68
kx=xp  104 nm 2.71 2.20 1.33 1.30 1.16 1.95
E0 (eV) 6.08 6.15 6.17 6.16 6.51 6.59
Ed (eV) 12.82 13.45 12.02 11.95 12.74 15.28
Density, ionic packing density (Vt), cutoff wavelength (kc), Energy gap Eg values for
different transitions, Energy gap Eg values from e2, N/m⁄, high frequency dielectric
constant e1, plasma resonance frequency xp, kx=xp, Eo and Ed.
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(0.140 nm), one can expect that the probability of ﬂuorine ions to
substitute oxygen is much higher or it may occupy an interstitial
position, and also ﬂuorine has a higher electronegativity than oxy-
gen it would be expected that the glass transition and deformation
temperatures decrease with the substitution of ﬂuoride ions for
oxide ions, since two ﬂuoride ions are substituted for an oxide
ion which causes the breakdown of the glass network structure.
To the best of our knowledge there are no reports on ﬂuorine
substituted zinc arsenic tellurite glasses. In this paper, the physical
and optical properties of zinc arsenic tellurite glasses based on
ZnF2–ZnO–As2O3–TeO2 composition are reported.
2. Experimental
In the present study, the glass samples of composition xZnF2–
(20x)ZnO–40As2O3–40TeO2 (x = 0, 4, 8, 12, 16 & 20 mol%) were
prepared bymelt quench technique. High purity (99.99%) zinc ﬂuo-
ride (ZnF2), zinc oxide (ZnO), tellurium oxide (TeO2) (all Sigma
Aldrich) and arsenic oxide (As2O3) (May and Baker) were used as
starting materials. A batch of 15 g of the above high purity chem-
icals in powder formwas weighed, well mixed and melted in a por-
celain crucible in the temperature range 650–700 C depending on
the glass composition in an electrical furnace for about 30 min. The
melt was swirled frequently until a bubble free transparent liquid
was formed. The resultant melt was then poured into a stainless
steel mould preheated to 200 C and pressed with another steel
disc maintained at the same temperature. All the glass samples
were annealed at 200 C for a duration of about 12 h. The prepared
glasses are light green in colour. For samples taken from different
regions of the bulk specimen, the absence of any Bragg peaks in the
X-ray diffraction pattern conﬁrmed that the prepared glasses are
amorphous. Scanning electron microscopy studies were also car-
ried out on these glasses to observe the crystallinity if any, using
FEI XL30 ESEM. The room temperature density (q) of the glass
was determined to an accuracy of ± 0.001 by the standard principle
of Archimedes using xylene as the buoyant liquid. The density was
calculated by the formula.
q ¼ a  0:86=ða bÞ ð1Þ
where a and b are the weights of the glass sample measured in air
and xylene, respectively. The density of xylene at room temperature
is 0.865 g /cc.
The room temperature optical reﬂectance and transmittance
spectra for all the polished glass samples were recorded on a JASCO
model V-570 UV–vis-NIR spectrometer in the wavelength region of
200 to 1000 nm. The band position is measured with an accuracy
of ± 1 nm.
3. Results and discussion
3.1. Xrd
X-ray diffraction patterns of the present glass samples are
shown in Fig. 1. The above ﬁgure shows no continuous or discrete
sharp peaks but exhibits a broad halo, which reﬂects the character-
istics of an amorphous glass structure.
3.2. Density
The density of the present glass system present in Table.1 varies
from 5.516 to 5.374 g/cc. The density reduction of oxy-ﬂuoride zinc
arsenic tellurite glasses with ZnF2 concentration may be due to the
low density of ZnF2 compared with that of ZnO. An increase in the
ZnF2 concentration in the present glass system increases the F/Oratio, and the density reduction is due to the replacement of the
Zn@O double bonds by two Zn–F single bonds, the structure of
glasses becomes loose [27]. Recently, Inaba and Fujino [28] re-
ported an empirical equation for ionic packing ratio, which is uti-
lized to develop the density model. The ionic packing density Vt
is expressed byVt ¼ ðq=MÞ 
X
ðVi  xiÞ ð2Þwhere Mi is molar weight (kg/mol), xi is molar fraction (mol%), q is
density (kg/m3) and Vi is packing density parameter (m3/mol) ob-
tained from the following equation for an oxide MXOY:Vi ¼ ð4=3Þ½pNAðXr3M þ Yr3OÞ ð3Þwhere NA is Avogadro’s number (mol1) and rM and rO are the
respective ionic radius of metal and oxygen. In this study, Shannon’s
ionic radii were used [29,30]. The calculated ionic packing density
Vt is summarized in Table 1. The variation of ionic packing density
with ZnF2 concentration is also present in Fig. 2. The ionic packing
density also decreases with increasing ZnF2 concentration. This is
due to the low density of ZnF2 compared to ZnO.
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Fig. 4. Optical absorption spectra of the present glasses.
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The study of optical absorption is a useful method for the inves-
tigation of optical transitions, electronic band structure in crystal-
line and non-crystalline materials. The optical absorption
coefﬁcient, a, which is the relative rate of decrease in light inten-
sity along its path of propagation. The optical absorption coefﬁ-
cient a of the studied glasses can be evaluated from the optical
transmittance, reﬂectance, and the thickness of the sample t as
a ¼ ð1=tÞ ln½ð1 RÞ=T ð4Þ
Fig. 3 shows the UV transmittance and reﬂectance spectra for
glass samples in the wavelength range of 200–1100 nm. The
optical absorption spectra of the present glass system xZnF2–
(20x)ZnO–40As2O3–40TeO2 is shown in Fig. 4. The UV absorption
edge or the cutoff wavelength of all glasses in the present study
was determined and is presented in Table 1. It is observed that
the UV absorption edge is blue shifted with increasing ZnF2 content
from approximately 465.2 nm to 443.5 nm.
Generally, the bonding of anion with cation depends on the
positive ion ﬁeld strength and the ﬁeld strength can be expressed200 400 600 800 1000
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Fig. 3. The transmittance and reﬂectance spectra for the studied glasses.
178 S. kareem Ahmmad et al. / Results in Physics 2 (2012) 175–181as Fs = Zc/(Rc + Ra)2. Here Zc is the valance of the cation and R the
ionic radius of the cation (c) or anion (a). In the present
ZnF2–ZnO–As2O3–TeO2 glass system the ionic radii of cations
are, respectively, 0.97 Å for Te+4, 0.74 Å for Zn+2, 0.58 Å for As+3
and the ionic radius of F is 1.33 Å [29,30]. The calculated ﬁeld
strengths are 0.756 (Å)2 for Te+4, 0.467 (Å)2 for Zn+2 and
0.822 (Å)2 for As+3, respectively. Thus the probability of binding
of F ions with these positive ions should be As+3 > Te+4 > Zn+2. In
the present glass system, since the batching amounts of As2O3
and TeO2 are equal (40 mol%) the inﬂuence of As–F bonds and
Te–F bonds on the structure of the fabricated glasses was very
high. Therefore, it could be deduced that F ions introduced by
ZnF2 into ZnO–As2O3–TeO2 system glass would preferentially
bind As ions in AsO3 units and Te ions in TeO4 units by replacing
O ions and consequently form Te(O,F)4 such as Te(O,F)3+1 and
Te(O,F)3. [31,32]. Based on the above discussions, it could be con-
cluded that the decrease of absorption cutoff wavelength of the
present glass system with an increase of ZnF2 also resulted from
the conversion of structural units in the glass from TeO4 to
Te(O,F)4 and then to Te(O,F)3.
Davis and Mott [33] and Tauc and Menth [34] relate these data
to the optical band gap, Eg through the following general relation
proposed for amorphous materials.
ðahmÞn ¼ Bðhm EgÞ ð5Þ1/
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Fig. 5. The relation between (ahm)n against photon energywhere B is a constant related to the extent of the band tailing and hm
is incident photon energy. The index n determines the type of elec-
tronic transitions causing the absorption and takes the values 1/2, 2,
2/3 and 1/3 for indirect allowed, direct allowed, direct forbidden
and indirect forbidden transitions, respectively. By plotting (ahm)n
as a function of photon energy hm, one can ﬁnd the optical energy
band gap Eg for all transitions. The values of optical band gap energy
Eg can be obtained by extrapolating the absorption coefﬁcient to
zero absorption in the (ahm)n against photon energy hm plots as
shown in Fig. 5 (a), (b), (c) and (d). The optical band gap energy thus
evaluated for the glass samples at different values of n is listed in
Table 1. Since the obtained values of the optical band gap are vary-
ing according to the selected value of the exponent n, one cannot
really decide which value of n is better to be selected. Therefore,
the Eq. (5) may be rather used only for the determination of the
type of conduction mechanism, and Eg itself should be determined
using another parameter the imaginary part of the dielectric con-
stant, e2 by which the exact value of exponent can be selected.
The complex refractive index and dielectric function character-
ize the optical properties of glass. The values of refractive index n
and extinction coefﬁcient k can be determined from the theory of
reﬂectivity of light. According to this theory, the reﬂectance of light
from a material can be expressed as [35]
R ¼ ½ðn 1Þ2 þ k2=½ðnþ 1Þ2 þ k2 and k ¼ ak=4p ð6Þ0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
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Fig. 7. The real part of the dielectric constant as a function of photon energy.
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tive index were estimated by using the formula
n2 ¼ ð1þ R1=2Þ=ð1 R1=2Þ ð7Þ
where R is reﬂectivity of the sample in the transparent region of
glasses studied. Fig. 6(a) and (b) shows the variation of refractive in-
dex and extinction coefﬁcient as a function of wavelength for the
glass system. It is clear that the refractive index decreases with an
increasing wavelength (low wavelength region) of the incident pho-
ton and on the contrary increases with the increase in the ZnF2 con-
tent. The extinction coefﬁcient is the imaginary part of the complex
index of refraction, which also relates to light absorption.
Real and imaginary parts of dielectric constant (e1, e2) are
related to the n and k values, using the formula
e1 ¼ n2  k2 ð8Þ
e2 ¼ 2nk ð9Þ
Fig. 7 shows the variation of the real part of dielectric constant,
e1, with the photon energy hm for the present glass samples. For all
glass samples the dielectric constant e1 shows an exponential stea-
dy increase with photon energy. It is observed that e1 increases
with ZnF2 content. Fig. 8 shows the imaginary part of the dielectric
constant e2, versus the photon energy for the studied glass system.
The imaginary part of the complex index of refraction e2 is related
to extinction coefﬁcient, which also relates to light absorption.
From the above Fig. 8, the optical band gap Eg can be obtained by
extrapolating the imaginary part of the dielectric constant (e2) tozero as shown in the ﬁgure. On a comparison of the optical energy
gap values obtained from absorption spectra in the case of indirect
allowed transition are in good agreement with the values
estimated from the dielectric measurements e2. Thus, the type of
electronic transition in the present glass system is indirect allowed.
In the present glasses the indirect band gap energy decreases from
2.48 to 2.27 eV when the ZnF2 content increases.
The decreasing band gap energy can be summarized as follows:
TeO2 is a conditional glass former has a minor effect on the forma-
tion of non-bridging oxygen, but when As2O3 participates in the
glass network with TeO2, As2O3 structural units play a similar
structural role to BO4 units in the borate networks and form link-
ages to the type As–O–Te and Zn–O–Te with ZnO because of the
close ionic radii of Te+4 (0.7 Å) and Zn+2 (0.74 Å). In general ZnF2
acts as a modiﬁer, ﬂuorine ions break the network results in a
depolymerization, i.e., As–O–Te and Zn–O–Te bonds are broken
and non-bridging oxygens are formed.
Using Drude’s theory of dielectrics, the real part of dielectric
function e1 can be written as
e1 ¼ n2  k2 ¼ e1  ½e2=4p2c2e0½NC=mk2 ð10Þ
Wherexp ¼ ½e2=e0 e1Nc=m ð11Þ
Here, xp is the plasma resonance frequency, e1 is the high fre-
quency dielectric constant Nc/m⁄ is the ratio of free carrier concen-
tration to the free carrier effective mass. Fig. 9 plots the variation of
e1 with k2 the slope and intercept of e1 versus k2 graph values of Nc/
m⁄ and e1, respectively. These values are used to calculate the plas-
ma resonance frequency xp. Table 1 presents the values of N/m⁄,
e1 and xp. The values of N/m⁄ reﬂects an increase in the free car-
rier concentration with an increase in ZnF2 content. This leads to an
increase in the reﬂectance, R which in turn increases the refractive
index, n also, the values of plasma frequency xp are listed in Table.
1 shows an increase against the increase in the ZnF2 content. The
calculated wavelength kx=xp that corresponds to the plasma fre-
quency xp and evaluated from the relation 2pc/xp, shows shifts
towards shorter wavelength against the increase of ZnF2.
The refractive index variation with respect to photon energy
could be obtained from the following relationship, based on the
single oscillator approximation suggested by Wample [36]
n2  1 ¼ Ed Eo=½E2o  E2 ð12Þ
where n is the refractive index at a speciﬁc wavelength, E = hˆ is the
photon energy, where Eo is the average excitation energy for
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S. kareem Ahmmad et al. / Results in Physics 2 (2012) 175–181 181electronic transitions and Ed is the dispersion energy. Fig. 10 plots
the variation of 1/(n21) with E2 (hm)2. Eo and Ed can be determined
from the linear ﬁt of 1/(n21) versus E2 plots (Fig. 10). The values of
Eo and Ed thus evaluated are listed in Table 1. It is clearly seen from
this table that the average electronic energy gap Eo decreases with
ZnF2 content.
4. Conclusions
The present glasses xZnF2–(20x)ZnO–40As2O3–40TeO2 (x = 0,
4, 8, 12, 16 & 20 mol%) were prepared by melt quench technique.
It is observed the changes in density and ionic packing density with
ZnF2 content have been discussed in terms of the changes in the
glass structure.
The glass absorption cut-off edge at around 465 nm is blue
shifted with increase of ZnF2 content. The blue shift is the result
of the conversion of structural units in the glass from TeO4 to
Te(O,F)4 and then to Te(O,F)3. The optical energy gap obtained in
the case of indirect allowed transition Eg = 2.27–2.48 eV is in good
agreement with the estimated values from the imaginary part of
dielectric measurements Eg = 2.32–2.40 eV. Therefore, the type of
electronic transitions in the present glass system is indirect al-
lowed. The optical parameters such as N/m⁄, e1, xp, Ed and E0 have
been estimated.
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